Background
Introduction
Pleural infection is an ancient disease; however, it remains an important clinical problem, with a rising incidence in recent decades [1] . The cause of this increase is unclear. Possible explanations include the following: the emergence of serotypes not covered by pneumococcal vaccination in young adults; the increase incidence of infection in elderly individuals, who have a higher risk of comorbid conditions than young people and could also be susceptible to gramnegative bacteria and Staphylococcus aureus; and the increase in new diagnostic techniques for this disease [1] .
The appropriate use of antibiotics is an important factor in decreasing the risk of mortality in pleural infection. Therefore, an understanding of bacteriology is critical for the treatment of this disease. However, the pathogens causing pleural infection are different from those causing community-acquired pneumonia; moreover, they may be affected by underlying diseases, such as end-stage renal disease, and may have changed markedly in recent years [2] [3] [4] [5] [6] [7] [8] . Moreover, identification of the causative pathogen may be challenging, due to the low isolation rates in standard culture, seen in up to 60% of cases [4, 5, 9] . A recent study showed that performing BACTEC blood culture of infected pleural fluid, in addition to standard culture, increased the isolation rates of bacteria from 38% in standard culture to 59% [5] . However, the isolation rate of pleural pathogens is not sufficient to guide the selection of antibiotics to treat the disease. Therefore, in many cases of pleural infection, proper selection of antibiotics depends on the knowledge of the typical pathogens found in the community.
Studies on pathogens and prognostic factors of pleural infection in adult patients in Asian countries have been reported [3, 7, [10] [11] [12] [13] [14] [15] [16] , however, there are scarce studies in South Korea and these involve small numbers of subjects [14, 17] . This study aimed to determine the microbiologic characteristics of pleural infection and to identify predictive factors associated with mortality.
Methods

Study subjects and data collection
This study retrospectively reviewed the data of 502 patients, aged 18 years and above, who were diagnosed and treated for pleural infection, after thoracentesis or tube thoracostomy, at Chonnam National University Hospital, between January 2008 and June 2014. The following information was searched for and identified from patient electronic medical records: baseline clinical data, comorbidities, severity score of infection (CURB-65, Sequential Organ Failure Assessment [SOFA] score, Pneumonia Severity Index [PSI] score), origin of infection (community-or hospital-acquired), microbiological characteristics (microbiology, type of culture systems, multiplicity of isolates, drug resistance), pleural fluid analysis, medical and surgical treatment, and outcome (30-day mortality).
Inclusion criteria were the presence of complicated parapneumonic effusion with positive cultures or clinical evidence of infection associated with at least one of the following: pleural fluid pH < 7.2, lactate dehydrogenase (LDH) > 1000 IU/L, or glucose < 60 mg/dL [18] . Pleural infections caused by Mycobacterium tuberculosis or non-tuberculous mycobacteria and parasites, or those associated with malignant effusion, were excluded. Polymicrobial infections identified in one specimen or in repeated tests were included if pathogens were identified.
A hospital-acquired infection was determined if the onset of pleural infection had occurred over 48 hours after hospitalization, if the patient had been hospitalized within the preceding 4 weeks, or if infection resulted from a complication of invasive thoracic procedures [9] .
Multidrug resistance (MDR) was defined as non-susceptibility to at least one agent in three or more antimicrobial categories in drug sensitivity testing [19] , with the exception of methicillin-resistant Staphylococcus aureus (MRSA), owing to its resistance to all categories of beta-lactam antimicrobials when it shows resistance to oxacillin or cefoxitin [19] .
Among therapeutic interventions, drainage included procedures using a pigtail, which is a small-bore chest tube (10-14 French), and tube thoracostomy, which is a large-bore chest tube (more than 24 French). Urokinase was administered as an intrapleural fibrinolytic agent.
All patients commenced antibiotics according to the 2003 and 2010 British thoracic society (BTS) guidelines for the management of pleural infection [6, 20] . In cases of suspected resistant organism, such as hospital-acquired empyema, extended spectrum antibiotics, combined with glycopeptides, were added for coverage of MRSA [6] . Initial empirical antibiotic regimes were changed according to isolated organisms in culture positive cases. The prescribing physician complied with standard antibiotic dosage regulations and practice was monitored by the infection control unit in this medical center. Antibiotic treatment was regarded as concordant if the organisms appeared sensitive, according to susceptibility testing in culture-positive specimens [11] . Antibiotic therapy was considered discordant if the organisms were resistant to treatment [11] . The choice of interventions was followed by treatment guidelines for pleural infection [6, 21] . Intrapleural fibrinolytics were instilled if there was no evidence of radiological and/or clinical response to antibiotics. If there was no clinical and/or radiological response to intrapleural fibrinolytics, then surgery was performed.
Pleural fluid collection and culture systems
When pleural fluid was detected on imaging, a 20 ml sample was obtained by thoracentesis under aseptic conditions. After the evaluation of the general appearance of fluid, the sample was processed by standard body fluid culture, a blood culture system, or both methods. In our institute, we used both culture methods after January 2011. Where blood cultures were used, the sample was injected into pairs of aerobic and anaerobic blood culture bottles (BACTEC PLUS, Becton Dickinson, Sparks, Maryland, USA). In addition, biochemical pleural fluid analysis was performed to identify characteristics, such as pH, leukocyte, glucose, protein, and LDH.
Statistical analysis
All data are expressed as medians with an interquartile range (IQR) or a percentage. Betweengroup comparisons were performed using the Mann-Whitney U test for continuous variables, and Pearson's χ 2 test or Fisher`s exact test for categorical variables. When calculating the proportion of each microorganism in whole samples or comparing the categorical variables according to individual isolates, the total number of microorganisms was used for statistics, rather than the number of patients, due to the multiplicity of isolates in polymicrobial cases.
Multivariate analysis was performed to determine predictive factors associated with mortality in patients with pleural infection. Possible predictive factors, found to be significant in univariate analysis, were analyzed by binary logistic regression. 
Ethics statement
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Results
Baseline clinical and pleural fluid characteristics of study subjects
The algorithm for patient enrollment is shown in Fig 1. A total of 502 patients were initially recruited. Of these, 81 patients were excluded due to infection with Mycobacterium tuberculosis, non-tuberculous mycobacteria, or parasites or because of malignant effusion. Therefore, 421 patients were finally included in this study. A total of 184 microorganisms were identified in 164 culture-positive patients. The median age for study participants was 66 years and the proportion of male participants was 77.9%. Most patients had comorbidities, the majority of which were cardiac or vascular diseases, followed by diabetes and structural lung diseases, including chronic obstructive pulmonary disease, bronchiectasis, interstitial lung disease, and parenchymal destruction associated with old inflammation, such as tuberculosis. Baseline clinical and pleural fluid characteristics of subjects are shown in Table 1 .
Culture characteristics and microbiology
A total of 184 culture positive pleural fluid specimens were isolated from 164 patients. In one specimen, there no polymicrobial infection was identified. All specimens were proven by repeated tests. In total, 86 specimens were cultured by standard method only, 65 by the BAC-TEC culture system only, and 33 samples by both culture systems. Among the 114 cultured specimens using both systems, the BACTEC blood culture system showed a higher culturepositive rate than the standard culture system (97/114 [85.1%] vs. 57/114 [50.0%], p<0.001, data not shown here).
Overall microbiology is presented in Table 2 . Multiple isolates (2) were cultured in 16 patients (9.8%). Of all isolates, the most frequently identified pathogens were streptococci (31.5%), followed by staphylococci (23.4%), gram-negative bacteria (18.5%), and anaerobes (10.3%). The most commonly isolated microorganisms, according to subtype were: Streptococcus milleri group, consisting of Streptococcus intermedius, Streptococcus anginosus and Streptococcus constellatus; and Staphylococcus aureus. Streptococci were the main microorganisms found in standard culture (41.9%, data not shown in table) and community-acquired infections (52.2%). These organisms were susceptible to all antimicrobial agents in drug sensitivity testing. Staphylococci were the major isolates in BACTEC blood culture (30.8%, data not shown in Differences between community-and hospital-acquired infection and culture-positive and -negative infection are shown in Table 3 . Patients with hospital-acquired pleural infection were more likely to be admitted to ICU, undergo intubation and mechanical ventilation, and have high severity scores (CURB-652, SOFA score 2, and PSI risk score IV-V.Culture-positive patients were more likely to have more comorbidities, particularly structural lung disease or chronic liver disease. They were strongly associated with hospital-acquired and high severity scores (CURB-652, SOFA score 2, and PSI risk score IV-V). Pleural fluid with culture positive patients showed more leukocytosis. Initially, empirical antibiotics were administered to all patients. These were subsequently changed according to the organisms isolated in the culture systems. All types of antibiotics used during treatment are shown in Table 4 . Third generation cephalosporins or β-lactam/β-lactamase inhibitors combined with clindamycin were the most frequently used antibiotics. Glycopeptides and colistin were used more frequently in hospital-acquired infection. Broad spectrum antibiotics were used more frequently in culture-positive patients.
Of 164 culture-positive patients, assessment of the adequacy of antibiotic treatment was feasible in 151 patients (data not shown in the table). Delay in time from admission to initial antibiotic treatment and from admission to change for adequate antibiotics was 8.9 and 24.9 hours in average, respectively. Treatment with initial and appropriately changed antibiotics showed concordance in 118 (78.1%) and 137 (90.7%) patients. Discordant antibiotics treatment (85.5% vs. 95.1%, p = 0.042), delay in the use of adequate antibiotics (54.8 vs. 7.8 hours on average, p<0.001) and drainage procedure (40.4 vs. 5.5 hours on average, p = 0.002) were salient features in patients with hospital-acquired infection. However, these factors were not significantly associated with mortality except a concordance of initial antibiotics (82.5% in survival group vs. 61.3% in death group, p = 0.011) which did not show a significance in multivariate analysis.
Predictive factors associated with 30-day mortality. The overall 30-day mortality rate of all patients was 14.3% (60/421). Univariate analysis revealed that the following factors were significant risk factors for 30-day mortality: older age, structural lung disease, hospital-acquired infection, no use of intrapleural fibrinolytics, antibiotic use without intervention, positive cultures, CURB-65 2, SOFA score 2 and PSI risk class IV-V. Isolation of staphylococcus and MDR pathogens, which were more frequent in patients with hospital-acquired infection, were significantly associated with mortality (Table 5) . Conversely, no deaths were found in patients with anaerobe infection, more frequently associated with community-acquired infection. We investigated factors associated with mortality, according to origin of infection or culture positivity, as there was a difference in mortality rates. A similar trend was also found in significant risk factors compared with the total population. Common risk factors in all subgroups were: no use of intrapleural fibrinolytics, CURB-65 2, SOFA score 2 and PSI risk class IV (Table 6 ).
In multivariate analysis using logistic regression, CURB-65 2, structural lung disease, PSI risk class IV-V, no use of intrapleural fibrinolytics, hospital-acquired infection, older age and SOFA score 2 were identified as significant predictive factors for 30-day mortality in the total population (Table 7) . SOFA score 2 was the most common factor in each subgroup, and antibiotic use was only added as a predictive factor in culture-negative patients with hospitalacquired infections.
Discussion
The most frequent pathogens of pleural infection in this study were streptococci, in communityacquired infections, and Staphylococcus aureus, in hospital-acquired infections. Independent The scoring system assigns 1 point for each of the following five risk factors: 1) new onset of confusion, 2) urea >7 mmol/l (19mg/dL), 3) respiratory rate 30 breaths/min, 4) systolic blood pressure <90 mm Hg and/or diastolic blood pressure 60 mm Hg and 5) age 65 years. c A total point score for a given patient is obtained by adding the patient`s age in years (age minus 10, for women) and the points obtained for each applicable characteristic, such as nursing home resident, coexisting illness, physical examination findings, or laboratory and radiographic findings [22] . MDR = Multidrug resistance. SOFA = Sequential Organ Failure Assessment. PSI = Pneumonia Severity Index.
doi:10.1371/journal.pone.0161280.t005 risk factors for 30-day mortality were CURB-65 2, hospital-acquired infection, no use of intrapleural fibrinolytics, structural lung disease, and antibiotic use without intervention. The first Multicenter Intrapleural Sepsis Trial (MIST1), found that common pathogens of community-acquired pleural infection were microorganisms of the Streptococcus milleri group (23.8%), Streptococcus pneumoniae (21.1%), and anaerobes (19.7%), and while in hospitalacquire infection, common pathogens were Staphylococcus aureus (35.0%), with MRSA (71.4%) infections occurring more frequently than methicillin-susceptible Staphylococcus aureus (28.6%), and gram-negative bacteria (23.3%) [4] . In a Danish multicenter study, the distribution of pathogens in pleural infection was similar to that observed in MIST1. Viridans streptococci (26%), anaerobic bacteria (20%), and Staphylococcus aureus (14%) were the most frequently isolated organisms in community-acquired infections, while Staphylococcus aureus (27%), viridans streptococci (20%), Enterobacteriaceae (20%), and anaerobic bacteria (14%) were the main organisms identified in hospital-acquired infections [8] . However, in a single center study of pleural infection pathogens in the United Kingdom (UK), a different distribution of isolated microorganisms was found: the most frequently isolated organisms were Staphylococcus aureus (15.5%), and Streptococcus pneumonia (9.6%), compared to microorganisms from the Streptococcus milleri group (4.2%) [9] . With the exception of our study, studies conducted in Asian countries found that pleural infection was associated with different pathogens compared to those identified in previous non-Asian studies (Table 8 ). In a study of nonsurgical pleural infection at a single center in India, the most common pathogens were gram- Scoring system assigns 1 point for each of the following five risk factors: 1) new onset confusion, 2) urea >7 mmol/l (19mg/dL), 3) respiratory rate 30 breaths/min, 4) systolic blood pressure <90 mm Hg and/or diastolic blood pressure 60 mm Hg and 5) age 65 years. A total point score for a given patient is obtained by summing the patient`s age in years (age minus 10, for women) and the points obtained for each applicable characteristic, such as nursing home resident, coexisting illness, physical examination findings, or laboratory and radiographic findings [22] . negative bacteria, followed by gram-positive bacteria, among which Staphylococcus aureus was the most frequently isolated organism [12] . However, the study did not differentiate between organisms in community-and hospital-acquired infections. Another study in Taiwan found that gram-negative bacteria (57.7%) were the most common pathogens; however, this study was limited to patients admitted to the medical intensive care unit [3] . Two communityacquired infections were studied at single centers in Taiwan and Hong Kong [11, 15] . In these studies, Gram-negative pathogens were relatively common (34.5% and 31.6%) compared to our study, MIST1, the Danish study and the UK study, cited above. In Taiwan, two researches about hospital-acquired infections found that the most common pathogens were gram-negative organisms [13, 16] . These findings were not consistent with our study or previous studies where Staphylococcus aureus was the most common isolated pathogen in hospital-acquired infections [4, 8, 9] . With the exception of our study, Asian studies show that gram-negative pathogens are more common, both in community-and hospital-acquired pleural infection, than in our study, MIST1, the Danish study and the UK study [3, 11-13, 15, 16] . The cause for the different distribution of pathogens found in our study and previous Asian studies is not clear. The Asian studies, including our study, were conducted in a single center, and 4 out of 6 were conducted in a single center in Taiwan [3, 11-13, 15, 16] . Therefore, regional variations in pathogens associated with pleural infections may be the cause of these findings. The different culture systems used for evaluation of pathogens in pleural infection between our study and previous Asian studies may also account for these differences. Here, we used both blood culture and standard culture systems, whereas previous Asian studies only used the standard culture system. Unfortunately, few studies have evaluated pathogens of pleural infection in Korea [14, 17] . In a study of adult patients with pleural infection, pathogens were isolated in 31 out of 115 cases; alpha-hemolytic streptococci were the most common pathogen in nine patients (26%), followed by Klebsiella pneumoniae in 8 patients (26%) and Staphylococcus aureus in 5 patients (16%) [14] . However, this study enrolled a small number of patients with identifiable pathogens, and culture were obtained from sputum and blood, in addition to pleural fluid [14] . Furthermore, low levels of Streptococcus pneumoniae were identified in the present study (Tables 2  & 8 ). This may be the effect of the national public health project for pneumococcal vaccination, targeting the infant and elderly population in Korea. The majority of the elderly may have received the pneumococcal vaccination before enrolling in this study, although accurate histories of pneumococcal vaccination in individual patients were not known, due to the retrospective nature of this study. The number of MRSA isolates is also very high in this study, compared with previous Asian studies ( Table 8 ). This finding could be explained by the fact that the study site is a tertiary referral center, with a high incidence of MRSA colonization (46%). Furthermore, nosocomial MRSA infections are detected in 10% of patients, at a rate of 8.0 per 1000 patient-days in this ICU, and MRSA was reported as the most common pathogen in ventilator associated pneumonia in this ICU [23, 24] .
There are scarce data available on the differences between culture-positive and -negative pleural infection. One study investigated the efficacy of thoracotomy and decortication in patients with empyema, according to culture positivity [25] . Although all enrolled patients had community-acquired infection and were treated surgically, a subgroup, with culture positive empyema, had worse outcomes, in terms of a longer duration of pleural drainage, a longer duration of hospital stay, and more complications. In the present study, culture-positive patients had less favorable prognostic factors than those who were culture-negative. Culturepositive patients with pleural infection may have increased bacterial burden and higher severity. A trend of lower pH and glucose levels, and higher leukocytosis and lactate dehydrogenase levels, was observed. These findings could be associated with host fragility from pulmonary infection, possible due to comorbidities, such as chronic lung disease or liver disease. This may lead to a mortality gap between culture-positive and -negative subgroups, and even in total population.
As mentioned in the introduction and results sections of the present study, the microbiological findings in pleural infection are different to those in pneumonia, and the identification of the causative pathogen is difficult due to the low isolation rates in standard culture only. Therefore, antibiotics are generally given empirically, with no guidance from bacterial culture results, and, at this point, it is reasonable to follow guidelines for pleural infection, not community-acquired or hospital-acquired pneumonia. According to the 2010 BTS guidelines for pleural infection, antibiotics should cover both common community-acquired bacterial pathogens and anaerobic organisms, and MRSA and anaerobic bacteria should be considered when treating hospital-acquired empyema [6] . Therefore, in the present study, frequent use of a cephalosporin or a β-lactam/β-lactamase inhibitor combined with clindamycin, in community-acquired infection, and glycopeptides and colistin, in hospitalacquired infection, was considered adequate for the treatment of pleural infection. Antibiotic treatment showed favorable concordance, guided by susceptibility tests, particularly in community acquired infection (95.1%), when drugs were changed to the adequate regimen (78.1% to 90.7% in total). Discordant antibiotic treatment and delay in the use of the adequate antibiotic and drainage procedure, showed a difference according to origin of pleural infection, but they did not in mortality.
Mortality in pleural infection has been reported as ranging from 6 to 60% [3, 7-9, 11-13, 15, 16] . In our study, overall 30-day mortality rate was 14.3% (60/421). Among the risk factors for 30-day mortality, CURB-652 was an independent predictor for death from pleural infection. CURB-65 has been used as a tool for the assessment of disease severity and the prediction of mortality in community-acquired pneumonia [26, 27] . Higher SOFA in patients with hospitalacquired infection indicated a more severe form of pleural infection and organ dysfunction, reflecting increase in risk of mortality. In a recent report on the assessment of clinical criteria for sepsis, patients in a general hospital population with a higher SOFA score, specifically of 2 or above, had an increased risk of overall mortality [28] . Another severity index of infection, a PSI score, identifies patients with pneumonia who are at low risk of death and other adverse outcomes, among three lowest risk classes in pneumonia patient outcomes research team cohort [22] . Interestingly, PSI risk class was a predictive factor for mortality in all patients, including subgroups of patients with hospital acquired infection, and culture-positive. The PIS score was a risk factor, not in community acquired infection but in hospital acquired infection, in contrast to CURB-65 2 could not be explained. The initial assessment of a patient's clinical situation by the severity score systems may be important in the effective treatment of pleural infection. The prompt drainage of pleural fluid is critical to the medical treatment of pleural infections. In our study, drainage procedures were performed in a majority of patients (350/ 421, 83.1%). This was associated with a favorable outcome of survival (310/361, 85.9% vs. 40/ 60, 66.7%, p = 0.001, data not shown in table). Antibiotic use without intervention, including a drainage procedure, could be a risk factor for death (Table 5 ). However, while drainage alone did not reach statistical significance, administration of intrapleural fibrinolytics was significantly associated with 30-day mortality in our study. The role of intrapleural fibrinolytic treatment in pleural infection remains debatable, mainly due to the results of large randomized studies, including MIST1 and MIST2 [29, 30] . However, a recent systematic review analyzed 7 randomized controlled studies, including MIST1 and MIST2, and showed that fibrinolytic treatment could be beneficial for the prevention of necessary surgical intervention or death [31] . Therefore, our findings were consistent with this meta-analysis.
This study found that hospital-acquired pleural infection was more likely to lead to death than community-acquired infection, as previous studies have shown [4, 9] . Patients with a hospital-acquired infection tended to have more comorbidities (86.6% vs. 74.1%, p = 0.005), such as structural lung disease (26.8% vs. 17.3%, p = 0.027), severe state of infection (CURB-65 2; 52.8% vs. 41.2%, p = 0.028, SOFA score 2; 50.4% vs. 40.5%, p = 0.060, PSI risk class IV-V; 71.7% vs. 51.0%, p<0.001) and positive cultures (63.8% vs. 28.2%, p<0.001). Conversely, patients with community-acquired infections showed higher rates of visibly purulent fluid (59.9% vs. 35.4%, p<0.001), lower median pH (7.01 vs. 7.12, p<0.001), and lower median glucose levels (38.5 vs. 40.0 mg/dL, p = 0.029) than those with hospital-acquired infections. They also underwent more drainage procedures (75.9% vs. 66.1%, p = 0.040) or intrapleural fibrinolytic therapy (34.0% vs. 19.7%, p = 0.003) (data not shown in table). Therefore, patients with community-acquired infection may have more severe forms of the disease, but may have a more favorable outcome, in terms of mortality, than hospital-acquired infection, because of prompt medical intervention.
This study had several limitations. First, it was performed in a single center in South Korea. This may limit the generalizability of our findings for pathogens in pleural infection in South Korea or across broader areas. Second, not all pleural fluid specimens were cultured using both the standard method and BACTEC blood culture system. Therefore, different bacteria might be cultured preferentially in different culture systems.
In summary, the common pathogens of pleural infection in this study were streptococci, staphylococci and gram negatives. Predictive factors for mortality from this disease were CURB-65 2, structural lung disease, PSI risk class IV-V, no use of intrapleural fibrinolytics, hospital-acquired infection, older age andSOFA score 2. Furthermore, antibiotic use without intervention could be an important risk factor for mortality in some subgroups.
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